Mechanism of acceleration of antithrombin-proteinase reactions by low affinity heparin. Role of the antithrombin binding pentasaccharide in heparin rate enhancement.
The role of the sequence-specific pentasaccharide region of high affinity heparin (HAH) in heparin acceleration of antithrombin-proteinase reactions was elucidated by determining the accelerating mechanism of low affinity heparin (LAH) lacking this sequence. LAH was shown to be free of HAH (< 0.001%) from the lack of exchange of added fluorescein-labeled HAH into LAH after separating the polysaccharides by antithrombin-agarose chromatography. Fluorescence titrations showed that LAH bound to antithrombin with a 1000-fold weaker affinity (KD 19 +/- 6 microM) and 5-6-fold smaller fluorescence enhancement (8 +/- 3%) than HAH. LAH accelerated the antithrombin-thrombin reaction with a bell-shaped dependence on heparin concentration resembling that of HAH, but with the bell-shaped curve shifted to approximately 100-fold higher polysaccharide concentrations and with a approximately 100-fold reduced maximal accelerating effect. Rapid kinetic studies indicated these differences arose from a reverse order of assembly of an intermediate heparin-thrombin-antithrombin ternary complex and diminished ability of LAH to bridge antithrombin and thrombin in this complex, as compared to HAH. By contrast, LAH and HAH both accelerated the antithrombin-factor Xa reaction with a simple saturable dependence on heparin or inhibitor concentrations which paralleled the formation of an antithrombin-heparin binary complex. The maximal accelerations of the two heparins in this case correlated with the inhibitor fluorescence enhancements induced by the polysaccharides, consistent with the accelerations arising from conformational activation of antithrombin. 1H NMR difference spectroscopy of antithrombin complexes with LAH and HAH and competitive binding studies were consistent with LAH accelerating activity being mediated by binding to the same site on the inhibitor as HAH. These results demonstrate that LAH accelerates antithrombin-proteinase reactions by bridging and conformational activation mechanisms similar to those of HAH, with the reduced magnitude of LAH accelerations resulting both from a decreased antithrombin affinity and the inability to induce a full activating conformational change in the inhibitor.